INTRODUCTION
Among the numerous pathogens of cocoa, Phytophthora spp. cause serious losses. World-wide, average crop losses are about 10 percent, with direct losses of up to 90 percent in wetter regions (Drenth & Sendall, 2004a; McMahon and Purwantara, 2004) . Losses of up to 50 percent have been recorded in several plantations in Java (Wardojo, 1992) . All parts of cocoa can be affected (Drenth & Guest, 2004a) . Yield loss occurs through pod rot, whereas tree decline or death occurs through cankers of stem and branch (Abraham et al., 2000; Blaha & Eskes, 2000; Chowdappa, 2000) . Unhardened tissues are rapidly killed in seedlings, chupons, flush leaves and cherelles (Chowdappa & Rohini, 2000) . Root system, especially feeding roots, can also be attacked (Opoku & Wheeler, 1998) .
Initially, it was though that pod rot and canker throughout the world were caused by the one species, Phytophthora palmivora. However, eight species of Phytophthora have been isolated from cocoa (McMahon & Purwantara, 2004) , with two major species notably P. palmivora with a world-wide distribution (Bong et al., 2000; Iwaro et al., 2000; Lee & Lum, 2004; Portales, 2004; Sangchote et al., 2004; Thanh et al., 2004) and P. megakarya which is restricted to West Africa (Akrofi & Opoku, 2000; Opoku et al., 2002; Appiah et al., 2003) . Most of epidemiology studies was conducted on P. megakarya which is the major cause of pod rot in Nigeria and Cameroon and which is also more aggressive than P. palmivora (Gregory et al., 1984) . Certain parts of Cameroon have particularly high losses to pod rot because of high rainfall and the absence of a dry season. This P. megakarya may even have slightly different life cycle to P. palmivora relying more on root infection for survival while P. palmivora relies more on flower cushion or stem infection (Gregory et al., 1984) . Pod rot and stem canker occur widely in cocoa plantations in Indonesia. Samples taken from cocoa growing areas consistently indicate the presence of P. palmivora (Umayah & Purwantara, 2006; Rubiyo et al., 2008) .
Detailed studies on P. megakarya in Nigeria revealed that pod rot epidemic started from soil as initiators (Gregory et al., 1984) . Soil phase of P. megakarya is important in initiating disease epidemic on cocoa. To adopt the control strategy of attacking a pathogen at the weakest point in its life cycle, the sources of infection from which infections arise in the beginning of epidemic must be identified. There are many sources of infection in cocoa and need to be identified in cocoa plantation in Indonesia as they may not equally important and significant in the epidemic. This paper summarizes research on the potential of soil as source of inoculum for infection on cocoa. Research was conducted in a wet area in West Java with no distinct dry season in the year.
MATERIALS AND METHODS

Detection of Phytophthora palmivora
Approximately 5 gram of soil samples were taken from the surface of soil below cocoa tree that consistently showed Phytophthora pod rot or stem canker in Bunisari Estate, West Java. The samples were individually wrapped with an aluminium foil and were brought to the laboratory for isolation and identification of the pathogen. Healthy, fully expanded pods were used as baits for isolation of the pathogen. A hole (5 mm deep) was made on the surface of the pod with a sterile cork borer (diameter 5 mm), and soil samples were inserted into the hole. The inoculated pods were then wrapped with moist paper and incubated at room temperature for 5 days. A typical dark brown symptom occurred on the inoculated sites after a few days of incubation indicates the presence of Phytophthora in the soil sample. Subsequently, Phytophthora sp. was isolated from the dark brown symptom using lima bean agar, cultured in the same media for morphological and molecular identification of the pathogen. Morphological identification was based on criteria explained by Erwin & Ribeiro (1996) and Drenth & Sendall (2004b) . For molecular identification, DNA of the fungus was extracted and amplified using ITS 4 and ITS 5 primers, and the amplified fragments were digested using 3 restriction enzymes, namely Alu I, Msp I, and Taq I as reported before (Cooke et al., 2000; Umayah, 2004; Umayah & Purwantara, 2006) .
Seasonal fluctuation of Phytophthora in soil
Five sites were chosen in an Amazonian (Upper Amazon Hybrid) cocoa block in Bunisari Estate, West Java. On each site, ten soil samples was taken regularly from surface of the soil every month and baited using healthy unripened cocoa pods. Percentage of successful baiting was determined based on the presence of typical pod rot symptom on the pods.
Phytophthora in soil of various types and age of plantation
Soil samples were taken from 3 types of cocoa, viz. Amazonian (Upper Amazon Hybrid), Amelonado (West African Amelonado) and Trinitario (clone DR 1). On each of cocoa type, 3 different ages of plantation were selected and on each plantation, 5 different sites were sampled. Ten soil samples were taken from each site during rainy season, then baited using healthy cocoa pods. Percentage of successful baiting was determined based on the presence of typical pod rot symptom on the pods.
Phytophthora infection from soil
Phytophthora infection from soil to the pods appears to be mainly through contact or rain splash. Batches of whole healthy pods were exposed at different heights above undisturbed litter and above bare soil where the litter was removed for a radius of 1 m, in a Trinitario cocoa block. Those pods were put on wire rings attached at a bamboo pole at the height of 0, 20, 40, 60, 80, and 100 above the soil level. The lowest pod was in contact with the soil. The wire rings were attached at the bamboo pole at a distance of 40 cm from the pole in spiral fashion so that there is no obstruction for rain splash from soil for each pod. Five bamboo poles were erected above undisturbed litter, and another five were above bare soil as replicates, in a gap between tree rows. All infested and mummified pods hanging in the tree at a radius of 5 m from the bamboo poles were removed to ensure there is no infection from the tree canopy. Pods were exposed for one to four days depending on the rain. Pods were renewed if there was no rain after four days. Following rain, pods were brought to the laboratory for incubation in saturated chamber at room temperature, and then scored for infections.
It was hypothesed that Phytophthora inocula were liberated in splash droplets from soil and then carried by air convection to infect the pods hanging on the tree. To test this, healthy pods were hung in special bamboo-framed plastic cages with shields for rain water and water splashed from the soil, but with windows in the lower sides to allow air convection from soil which may carry the inocula on to the pods inside the cages. Cages were set at various heights from ground level, at interval of 0.5 m up to 3 m. At each height, 4 cages were set as replicates. Pods were exposed to air convection inside the cage for a week, then pods were brought to the laboratory for incubation in saturated chamber at room temperature, and scored for infections.
RESULTS AND DISCUSSION
Soil samples were baited using healthy cocoa pods. Dark brown symptom appeared on the surface of cocoa pods, 2-4 days after insertion of soil samples in the pods. Isolation of pathogen from this typical symptom using lima bean agar resulted in an isolate readily produced round based ovoid sporangia with prominent papillae, caducous and with a short occluded pedicel typical of P. palmivora (Erwin & Ribeiro, 1996; Drenth & Sendall, 2004b) .
DNA of the isolate was extracted and amplified using ITS 4 and ITS 5 primers producing a single fragment of approximately 900 bp, and the amplified fragments were digested using 3 restriction enzymes (Alu I, Msp I, and Taq I). Digestion of the amplified fragment using enzyme Alu I resulted in fragments of approximately 500, 160, and 155 bp. Digestion of the amplified fragment using enzyme Msp I resulted in fragments of approximately 500 and 400 bp. Digestion of the amplified fragment using enzyme Taq I resulted in fragments of approximately 300, 280, 150, and 100 bp (Figure 1 ). The result of this molecular identification confirmed the result of morphological identification that the isolate is P. palmivora (Umayah & Purwantara, 2006) . The presence of P. palmivora in soils of cocoa plantations has been reported before and the pathogen capable of infecting other parts of cocoa plant such as pods, stems, cherelles, leaves and roots (Purwantara, 2003; Purwantara et al., 2004; Umayah & Purwantara, 2006; Umayah et al., 2007; Rubiyo et al., 2008) .
In these experiments, healthy cocoa pod tissue has been used not only as bait for soil samples but also as a selective medium. Baiting technique has been successfully used to detect the presence of P. palmivora in soil samples without ambiguity as positive samples always produce distinct symptom on the pods. In most cases, macroscopic symptoms with/without microscopic examination of the sporulating symptoms gave adequate identification of the pathogen in Figure 1 . Single DNA fragment (± 900 bp) amplified from DNA of Phytophthora palmivora isolates using primers ITS 4 and ITS 5 (A). Fragments of ± 500, 160, and 155 bp as results of digestion of the amplified fragment using enzyme Alu I (B); fragments of ±500 and 400 bp as results of digestion of the amplified fragment using enzyme Msp I (C); fragments of ±300, 280, 150, and 100 bp as results of digestion of the amplified fragment using enzyme Taq I (D); M = marker; 7 = Phytophthora palmivora isolate.
Gambar 1. Fragmen DNA tunggal (± 900 bp) hasil amplifikasi DNA isolat Phytophthora palmivora dengan primer ITS 4 and ITS 5 (A). Fragmen ukuran ±500, 160, dan 155 pb sebagai hasil digesti dengan enzim Alu I (B); fragmen ukuran ±500 dan 400 pb sebagai hasil digesti dengan enzim Msp I (C); fragmen ukuran ±300, 280, 150, dan 100 pb sebagai hasil digesti dengan enzim Taq I (D); M = marker; 7 = isolat Phytophthora palmivora.
A B C D soil samples. As selective medium, cocoa pods have been used to detect and isolate the pathogen to make pure cultures without incorporation of antibiotics.
In baiting surface soil monthly over the year, it was found that the percentage of successful baiting varied greatly with the month, mostly ranging from 50% to 80%, except for May (30%) and September (20%) (Figure 2 ). Rainfall occurred throughout the year with the lowest in July (90 mm). The lowest percentage of successful baiting did not coincide with the lowest monthly rainfall. It seems that in an area without distinct dry months, P. palmivora propagules can be found all year around. This is in contrast with previous report in Nigeria where P. megakarya propagules decreased very rapidly towards the end of the rains with very few positive isolation from dry soil, but isolations were successful again in the wetter season suggesting that multiplication had occurred in the soil (Ward & Griffin, 1981) . In the dry season, the pathogen may survive as mycelium in infected roots, as chlamydospores or as encysted zoospores. However, this needs to be examined. Surveys were conducted on the soil of Amazonian, Amelonado and Trinitario blocks of various ages to determine how quickly the soil population of P. palmivora builds up. The surveys were conducted during the rainy season. Soil samples were taken from each block and were baited using healthy green pods. There was no relation between the percentage of positive baiting and the age of the plantations. Young plantations as well as old plantations gave high positive baiting of P. palmivora from soil (Table 1) . Surprisingly, Amelonado block as young as 3 years and Trinitario block (4 years) showed high positive baiting (76% and 90%, respectively). The presence of the pathogen in the young block appears to be associated with previous plantings as those two blocks are rehabilitation areas. This suggests that soil is an important source of primary inoculum for disease epidemics on cocoa, as reported in Papua New Guinea (Konam, 1999; Konam et al., 2000 , Konam & Guest, 2004 . It can also be noted that all of the Trinitario blocks gave the highest positive baiting. This possibly related with the highest incidence of pod rot and canker on this cocoa type as reported before (Pawiro-soemardjo & Purwantara, 1992) . also reported that Trinitario is more susceptible to pod rot than Amelonado and Amazonian types in Papua New Guinea.
To assess the amount of infection from the soil in a cocoa plantation, healthy pods were exposed to natural splash above bare soil and above litter. In 10 tests conducted during August-November, 300 pods were exposed above bare soil and 300 pods above litter. Eight pods above bare soil and 5 pods above litter were discounted because of "preinfection". Almost all of pods laid on the surface of soil were infected (Table 2, Figure 3 ). The infection decreased gradually with the height. Infection still occurred at 100 cm above the soil. Apparently, the soil litter only slightly reduced the number of infected pods. These facts suggest that the litter layer is not effectively acting as a shield preventing rain from splashing the spores from wet soil up to the pods. Similar result was reported from Brazil where three species of Phytophthora viz. P. capsici, P. palmivora and P. citrophthora involved (Pereira, 1992) . However, the result is different with the report from Nigeria, where P. megakarya infection over bare soil (23.7 %) was significantly higher than over leaf litter (4.5%) (Maddison & Griffin, 1981) . This is in accordance with Gregory's theory that P. palmivora may have slightly different life cycle to P. megakarya (Gregory et al., 1984) . Henry (1977) reported the infection of whole pod baits at 30 and 60 cm above soil, but not at 90 cm in Jamaica. However, infection still occurred on baits at 100 cm above soil in this experiment. In third experiment in October, all baits were infected on bare soil as well as on litter. Possibly, during stormy rain, drips of rain strike the wet soil and generate splash droplets which carry surface water containing P. palmivora inocula upwards to infect the baits at a height of 100 cm.
In 20 tests for the presence of P. palmivora through air convection during rainy season, a total of 560 pods were exposed. However, no pod was found to be infected with P. palmivora, indicating that the pathogen was not dispersed by air convection. Gregory et al. (1984) proposed a hypothetical disease cycle for P. megakarya in Nigeria in which the pathogen is carried through convective accent of aerosol droplets from soil surface up to pods in the canopy. It seems that the results from this experiment were not in support to the proposed disease cycle for P. megakarya. Possibly, P. palmivora behaves slightly different to P. megakarya in Nigeria.
Mulching in its broadest sense should be re-examined with the aim of preventing splash from the ground. The lack of significant suppression on the use of litter in this experiment was attributed to litter itself might act as source of inoculum as reported elsewhere. Previous results showed that P. palmivora was isolated from organic debris in the litter layer (Purwantara, 2003 Ward & Griffin (1981) also obtained the similar results in Nigeria. However, mulching might be useful in preserving soil moisture or providing organic matter. In Papua New Guinea, the use of mulches can promote decomposition of litter which in turn can decrease the rate of infection (Konam & Guest, 2002) .
The recommended control method is removal and burial of diseased pods at regular interval, improved drainage, and pruning of cocoa and shade trees especially in the rainy season, and fungicide application such as copper, metalaxyl, or mancozeb (Wardojo, 1992; Sri-Sukamto & Pujiastuti, 2004; Sri-Sukamto, 2008) . Diseased pods should be removed and buried at the depth of 30 cm from soil surface, and within a few months the pods should be decomposted and become organic fertilizer which improves soil fertility. However this practice raises some questions whether the inocula of P. palmivora are still viable. In this experiment, it was shown that inocula of P. palmivora can be found all year around in the soil. The data indicates that soil is a massive and consistent source of inocula. If the inocula still active in decomposted pods, burying diseased pods in the cocoa plantations can be preserving inocula in the soil. In order to limit the incidence and severity of diseases, effective management strategies are required, including avoiding infection through basic hygiene, improving soil health, and improve drainage and irrigation (Drenth & Guest, 2004b) . The ultimate sanitation method would be removal of diseased pods out of plantations as suggested in early days by Turner (1965) . However, this method is impractical and also the diseased pods are useful source of organic matter to improve soil fertility. The best solution would be composting the diseased pods properly using commercially available decomposer so that the temperature will increase up to more than 60 O C during decomposition and will kill P. palmivora. Trichoderma spp. has been used as biological control for Phytophthora diseases on cocoa (Sri-Sukamto, 2008) . The use of Trichoderma spp. -based decomposer would be benefit for decomposition of diseased pods as this will eliminate P. palmivora inocula through both biofungicidal action and increased temperature in the compost. Also, animal manure compost could be added into the soil, as the compost increases soil organic matter, total biological activity, and populations of antagonistic actinomycetes, bacteria, and fungi (Aryantha et al., 2000) . Plantation hygiene, if implemented rigorously and consistently, can significantly reduce diseases pressure in plantation and, in some cases, may be all that is required to manage Phytophthora diseases (Guest, 2004) .
CONCLUSIONS
Soil is an important source of primary inoculum of P. palmivora for disease epidemics on cocoa. The pathogen can be found all year around, and therefore suppression of the pathogen in the soil becomes an essential component of an integrated disease management package.
